The goal of total knee arthroplasty (TKA) is to provide a knee that has a functional range of motion. Although one of the means to achieving this goal is to bring the knee to full extension (i.e., 0°), postsurgery, the knee can either end up in genu recurvatum or in a fixed flexion deformity (FFD). There is substantial data on the surgical techniques for performing total knee replacement in patients with either a preoperative fixed flexion or genu recurvatum deformity.[@B1][@B2][@B3][@B4] The natural history of FFD[@B5][@B6][@B7] and genu recurvatum[@B8][@B9] after total knee replacement is also well documented. Each deformity has been associated with less than desirable outcomes. FFD causes an increase in the forces across the patellofemoral and tibiofemoral joints as well as an increase in the quadriceps force required to stabilise the knee.[@B10] On the other hand, genu recurvatum is associated with medial instability.[@B8] However to date, there is no study comparing clinical outcomes between post-total knee replacement genu recurvatum and FFD. The aim of this study is to provide this knowledge to clinicians which will help in deciding which side (i.e., in recurvatum or in fixed flexion) to err on when neutral extension is not achieved.

METHODS
=======

This is a prospective cohort study. Data were collected from the hospital joint registry. All patients in the joint registry who underwent primary TKA from 2004 to 2008 were included in the study. Patients who defaulted from follow-up at 6 months, 2 years, or both were excluded from the study. Patient biodata, post-total knee replacement range of motion as well as clinical scores (Knee Society knee and function scores, Oxford Knee scores, and Short Form 36 \[SF-36\] scores) were reviewed at 6 months and 2 years postsurgery. We used the Oxford Knee score described by Dawson et al.[@B11] where a better outcome is denoted by a lower score. This is in contrast to the Knee Society and SF-36 scores, also used here, where a better outcome is denoted by a higher score. All range of motion measurements were performed by 4 experienced therapists, who were blinded to the surgeon or the type of implant used. A goniometer was used to measure the range of motion, as it is a commonly used instrument and has good to excellent reproducibility.[@B12][@B13][@B14] The postoperative rehabilitation protocol comprising range of motion exercise, ambulation on flat ground and stair climbing was performed by the therapists. Most patients were discharged on the fourth to fifth postoperative day, and they were subsequently followed up in the orthopaedic and therapists\' outpatient clinics.

FFD was defined as a flexion deformity of 1° or more, while genu recurvatum was defined as a recurvatum deformity of 1° or more.[@B9] All other knees (i.e., knees with less than 1° of either flexion or recurvatum deformity) were grouped into neutral extension. We use positive numerals to denote fixed flexion while negative numerals were used to denote genu recurvatum.

We grouped the type of deformity based on the deformity type (i.e., either FFD or genu recurvatum) at 6 months. The 6-month and 2-year clinical scores and range of motion were then compared between the 2 groups. To negate the effects of extreme deformities, knees in fixed flexion or recurvatum greater than 10° at 6 months post-replacement were excluded from the analysis. The remaining subgroup was then analysed.

IBM SPSS ver. 19.0 (IBM Co., Armonk, NY, USA) was used for data analysis. Nonparametric Kruskal-Wallis test was used to compare patient biodata, i.e., age, weight, height, and body mass index (BMI). Nonparametric Mann-Whitney U test was used to compare the degree of knee flexion, Oxford Knee scores, Knee Society knee and function scores, and SF-36 scores.[@B15]

RESULTS
=======

A total of 5,383 primary total knee arthroplasties were performed between 2004 and 2008. Of these, 4,471 knees (83.1%) were seen at 6 months postsurgery, and from this group, 3,980 knees (73.9%) were followed up at 2 years postsurgery. Thus, 26.1% of the knees did not have a complete follow-up at 6 months and 2 years. These 3,980 knees (3,884 patients, 96 bilateral arthroplasties) were then analysed in our study as they had a 6-month as well as a 2-year follow-up. Of these, 411 knees were excluded from the data analysis due to severe deformities i.e., \> 10° at 6 months. The remaining 3,569 primary total knee arthroplasties (3,473 patients, 96 bilateral arthroplasties) were then analysed. Of these, 1,589 knees (44.5%) were in fixed flexion, 1,752 knees (49.1%) were in neutral extension, and 228 knees (6.4%) were in recurvatum at 6 months. This comprised 79.6% of all fixed flexion deformities and 97.4% of all genu recurvatum deformities at 6 months.

The analysis of patient biodata at 6 months is shown in [Table 1](#T1){ref-type="table"}, which shows that the weight, height and BMI of the patients with postoperative FFD, genu recurvatum, and knee in neutral extension were statistically similar. Although there was a statistical difference in age among the 3 groups, it was not clinically significant.

At 6 months, the FFD group had a mean 5.78° of fixed flexion (standard deviation \[SD\], 2.57°; range, 1° to 10°). At 2 years, this group of patients had a mean 2.28° of fixed flexion (SD, 4.08°; range, --19° to 30°). At 6 months, the genu recurvatum group had a mean --4.63° of genu recurvatum (SD, 2.14°; range, --1° to --10°). At 2 years, this group of patients had a mean --3.94° of genu recurvatum (SD, 3.93°; range, --17° to 8°).

At 6 months, we found that the genu recurvatum group did better in terms of the degree of knee flexion (mean 118.16°, SD 15.51° vs. mean 111.90°, SD 14.36°) and Oxford Knee scores (mean 19.53°, SD 5.42° vs. mean 20.52°, SD 6.05°) ([Table 2](#T2){ref-type="table"}).

We went on to analyse the 2-year outcomes based on the deformity at 6 months, by comparing the FFD group against the genu recurvatum group ([Table 2](#T2){ref-type="table"}). We found that knees in genu recurvatum at 6 months, compared to those in fixed flexion, ended up having a better degree of knee flexion at 2 years (mean 120.76°, SD 14.21° vs. mean 115.99°, SD, 14.20°), and this difference was statistically significant.

However, knees with fixed flexion deformities achieved a better knee score at 2 years compared to knees with recurvatum (mean 84.82°, SD 10.91° vs. mean 82.91°, SD 11.16°).

We categorized Knee Society scores (both knee and function) into excellent (80--100), good (70--79), fair (60--69), poor (\< 60) based on the study by Asif and Choon[@B16] and compared the 6-month and 2-year results ([Table 3](#T3){ref-type="table"}). Significantly, at 6 months, 74.1% of knees with fixed flexion deformities had excellent function scores (vs. 39.9% of knees with genu recurvatum, *p* \< 0.01). Also, 88.9% of knees with fixed flexion deformities had excellent or good function scores (vs. 54.4% of knees with genu recurvatum, *p* \< 0.01). At 2 years, 81.0% of knees with fixed flexion deformities had excellent knee scores (vs. 48.7% of knees with genu recurvatum, *p* \< 0.01). Also, 92.2% of knees with fixed flexion deformities had excellent or good knee scores (vs. 67.1% of knees with genu recurvatum, *p* \< 0.01).

[Fig. 1](#F1){ref-type="fig"} shows how the deformities progressed from 6 months to 2 years. The knees either improved i.e., deformity became less pronounced or neutral, remained the same or worsened, i.e., either the deformity became more pronounced or it progressed in the opposite direction.

Knees with fixed flexion deformities tended to show an improvement in the deformity over time (70.4%). Knees with recurvatum did not show a similar improvement (50.4%), and the deformity tended to worsen (39.0% vs. 22.0% for fixed flexion).

DISCUSSION
==========

The effects of fixed flexion in comparison to those of genu recurvatum post TKA have not been studied in detail. To the best of our knowledge, this is the first article that directly compares post-total knee replacement fixed flexion and genu recurvatum deformities.

We found that at 6 months, a significantly higher proportion of knees with fixed flexion deformities had excellent and excellent/good function scores. Knees with recurvatum deformity, however, did better in the degree of knee flexion and Oxford scores.

However, at 2 years, knees with fixed flexion deformities did better than knees with recurvatum deformity in knee scores and showed a greater improvement in deformity compared to knees with recurvatum deformity. A significantly higher proportion of knees with fixed flexion deformities had excellent and excellent/good knee scores. However, knees with recurvatum deformity continued to have a greater degree of knee flexion.

The finding that knees in FFD showed greater improvement in deformity over time as compared to knees in genu recurvatum is consistent with prior studies that reviewed postoperative fixed flexion deformities.[@B1][@B5][@B6][@B17] This could be due to the fact that quadriceps strengthening exercises, which is a mainstay of post-total knee replacement rehabilitation, tends to bring knees in flexion towards neutral extension.

The finding that recurvatum deformity tends to worsen (39.0%) is also consistent with the study by Siddiqui et al.,[@B9] who found that patients with hyperextension at 6 months are 6.5 times more likely to have recurvatum at 2 years versus those with no hyperextension at 6 months.

Meding et al.[@B2] concluded that in the absence of neuromuscular disease, hyperextension deformity tends not to recur after total knee replacement and that presence of preoperative genu recurvatum does not preclude a well-functioning total knee replacement.[@B8] However, neither of these studies compared the results against fixed flexion deformities.

At 6 months, we postulate that the type of deformity is reflective of intraoperative deformity post-replacement (after pain and swelling during the immediate postoperative phase has subsided); thus we performed our comparative analysis based on the deformity at 6 months. Of course, this is only a logical assumption. Thus, lack of a more accurate proxy for intraoperative deformity is a limitation of our study.

By extrapolation, based on the 6 month deformity (i.e., intraoperative deformity), knees with fixed flexion deformities show a better improvement in the degree of deformity as well as a higher knee score at 2 years. A significantly higher proportion of knees with fixed flexion deformities had excellent and excellent/good function scores at 6 months and knee scores at 2 years.

Knees with recurvatum deformity achieved a better range of motion at 6 months and 2 years. Knees with recurvatum deformity also achieved a better Oxford score at 6 months, although due to a score difference of 0.99 and a *p*-value of 0.049, the clinical significance of this result is doubtful.

Thus, based on the results of this prospective cohort study, we conclude that it is better to err on the side of FFD rather than genu recurvatum if neutral alignment cannot be achieved.
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###### Biodata of the Study Population at 6 Months after Total Knee Replacement

![](cios-8-249-i001)

  Variable                         Fixed flexion (n = 1,589)   Neutral (n = 1,752)   Recurvatum (n = 228)   *p*-value
  -------------------------------- --------------------------- --------------------- ---------------------- -----------
  Knee (male:female)               330:1,259                   282:1,470             34:194                 \-
  Mean age (yr)                    67.16                       66.55                 65.71                  0.020
  Mean weight (kg)                 66.38                       67.12                 65.71                  1.000
  Mean height (cm)                 155.17                      154.57                153.90                 1.000
  Mean body mass index (kg/m^2^)   27.82                       28.21                 27.86                  1.000

###### Comparison of FFD and Genu Recurvatum of 10° or Less at 6 Months and 2 Years

![](cios-8-249-i002)

  Variable                      FFD 1 to 10 (SD)    Recurvatum --1 to --10 (SD)   *p*-value
  ----------------------------- ------------------- ----------------------------- -----------
  Degree of flexion (°)                                                           
   6 Months                     111.90 (14.36)      118.16 (15.51)^\*^            0.000
   2 Years                      115.99 (14.20)      120.76 (14.21)^\*^            0.000
  Oxford knee score                                                               
   6 Months                     20.52 (6.05)        19.53 (5.42)^\*^              0.049
   2 Years                      18.68 (5.75)        18.78 (5.64)                  1.000
  Function score                                                                  
   6 Months                     65.88 (19.25)       68.11 (17.08)                 0.293
   2 Years                      70.29 (19.94)       72.06 (18.04)                 0.587
  Knee score                                                                      
   6 Months                     82.23 (11.45)       80.44 (11.97)                 0.065
   2 Years                      84.82 (10.91)^\*^   82.91 (11.16)                 0.032
  SF 36-1 (physical function)                                                     
   6 Months                     61.36 (21.00)       63.93 (18.70)                 0.249
   2 Years                      65.14 (21.24)       66.21 (21.13)                 1.000
  SF 36-2 (role function)                                                         
   6 Months                     69.07 (41.80)       70.72 (41.92)                 1.000
   2 Years                      75.36 (38.78)       77.52 (36.68)                 1.000
  SF 36-3 (bodily pain)                                                           
   6 Months                     65.20 (24.59)       66.34 (25.16)                 1.000
   2 Years                      69.57 (25.38)       69.82 (25.30)                 1.000
  SF 36-4 (general health)                                                        
   6 Months                     69.92 (20.44)       68.30 (19.79)                 0.775
   2 Years                      68.76 (21.04)       68.45 (21.97)                 1.000
  SF 36-5 (vitality)                                                              
   6 Months                     70.08 (20.47)       70.44 (18.33)                 1.000
   2 Years                      71.32 (19.84)       71.84 (19.56)                 1.000
  SF 36-6 (social function)                                                       
   6 Months                     83.43 (29.44)       87.23 (26.09)                 0.181
   2 Years                      87.92 (26.65)       87.66 (26.20)                 1.000
  SF 36-7 (role function)                                                         
   6 Months                     91.02 (26.83)       93.27 (22.64)                 0.686
   2 Years                      93.98 (22.43)       91.08 (27.16)                 0.245
  SF 38-8 (mental health)                                                         
   6 Months                     80.52 (16.25)       80.79 (15.13)                 1.000
   2 Years                      81.99 (15.27)       81.46 (15.39)                 1.000

FFD: fixed flexion deformity, SD: standard deviation.

^\*^Data indicate statistically significantly better outcomes.

###### Comparison of the Percentage of Excellent and Excellent/Good Knee & Function Scores at 6 Months and 2 Years

![](cios-8-249-i003)

  Variable          FFD 1 to 10 (%)    Recurvatum --1 to --10 (%)   *p*-value
  ----------------- ------------------ ---------------------------- -----------
  Knee score                                                        
   Excellent                                                        
    6 Months        1,178 (74.1)       158 (69.3)                   0.122
    2 Years         1,287 (81.0)^\*^   111 (48.7)                   \< 0.01
   Excellent/good                                                   
    6 Months        1,413 (88.9)       200 (87.7)                   0.59
    2 Years         1,464 (92.2)^\*^   153 (67.1)                   \< 0.01
  Function score                                                    
   Excellent                                                        
    6 Months        1,178 (74.1)^\*^   91 (39.9)                    \< 0.01
    2 Years         740 (46.6)         111 (48.7)                   0.55
   Excellent/good                                                   
    6 Months        1,413 (88.9)^\*^   124 (54.4)                   \< 0.01
    2 Years         980 (61.7)         153 (67.1)                   0.13

FFD: fixed flexion deformity.

^\*^Data indicate statistically significantly better outcomes.
